Objective: The purpose of this study was to determine the prevalence of positive quantitative urine cultures in dogs with an inactive urine sediment.
INTRODUCTION
Urinalysis and quantitative urine culture (QUC) are common diagnostics performed in a wide population of both human and veterinary patients. A urinalysis is a useful screening tool in the evaluation for supporting evidence of bacterial cystitis (Weese et al., 2019) , however urine culture is the gold standard to diagnose or rule out bacteriuria (Ettinger, 2017) . A QUC should be performed in cases of known or suspected bacterial cystitis or pyelonephritis to determine the infectious agent and guide antimicrobial usage (Weese et al., 2019; Ettinger, 2017) . Urinalysis and QUC are also commonly performed as part of the routine diagnostic approach to determining sources of fever, causes for diabetic decompensation and ketosis, and as part of routine laboratory evaluation of the chronic kidney disease (CKD) or acute kidney injury patient (Ettinger, 2017) . There are occasions when a positive QUC is obtained from urine that has no evidence of bacteria or inflammation on urinalysis. This scenario may be due to the limitations of light microscopy in detecting low numbers of bacteria compared to QUC (Ettinger, 2017) . The literature states that 10,000 rods/mL to 100,000 cocci/mL of urine is required to consistently find bacteria on sediment evaluation, whereas a QUC is much more sensitive for detecting bacteria present in smaller numbers (Ettinger, 2017) .
A QUC is a relatively expensive test in comparison to the cost of a urinalysis, and it would be useful to know how often the QUC is positive when patients have no evidence of bacteria or inflammation on urine sediment examination. The authors hypothesised that positive QUCs occur in less than 10% of patients with an inactive urine sediment. The goal of this paper was to determine the prevalence of positive QUCs associated with inactive urine sediments in all patients who had a QUC performed at a private practice emergency and specialty referral hospital, which to the authors' knowledge, has not previously been reported. The secondary aim of this paper was to describe the QUC-positive patients.
METHODS & MATERIALS
Results of all QUCs performed between June 1 st 2012 to December 31 st 2017 at all three locations of the authors' institutions were identified; 2,095 QUCs in total. The corresponding urinalysis for each QUC was then evaluated. An inactive sediment was defined as urine with colour descriptor recorded as yellow or colourless; turbidity descriptor recorded as clear; and the absence of epithelial cells, bacteria and pyuria (defined as greater than five white blood cells per high powered field) on urine sediment examination. Dogs having urine collection by cystocentesis, urinalysis with inactive urine sediment, and QUC, submitted on the same day that the urine for urinalysis was collected, were included in the study. Dogs were excluded from the study if they had urinalysis and QUC performed on separate days or at separate visits, did not have a urinalysis performed, had urine collected by a method other than cystocentesis or method not recorded, had urinalysis that did not meet the defined parameters for inactive sediment examination, or had a medical record that was otherwise insufficiently complete for data extraction, as depicted in Figure 1 . A culture was considered positive if any growth was detected, and the bacterial species and quantitative bacterial counts were recorded. Additionally, select therapeutic data (antimicrobial prescribed, duration of antimicrobial prescription) and response to therapy (resolution of LUTS vs persistence of LUTS vs lost to follow-up) was obtained for dogs that presented for LUTS, had an inactive urine sediment and had a negative QUC. The records of dogs that presented with and without LUTS, had an inactive urine sediment and a positive QUC were also reviewed in more detail. During the study period the urine sediment was evaluated by either in-house technical staff trained in reading urinalysis or an outside commercial laboratory a . All QUCs were performed by the same commercial laboratory a . Routine handling of urine samples after collection at the authors' institutions is as follows: immediately following collection the urine is transferred to preservative-free sample tubes (6 mL max volume; provided by the commercial laboratory a ), and a patient identification label is applied to the tubes. The total volume collected is not standardised. The tubes of urine are subsequently stored in a refrigerator at 1.1°-2.2°C (34°-36°F) until the sample is collected by a courier provided by the commercial laboratory a . Samples are transported to the laboratory in a cooler on ice. The QUCs at the commercial laboratory a are plated on a Blood Ager/MacConkey Agar Biplates (Hardy diagnostics, CA). If the urinalysis was performed in-house it was done immediately following collection. The in-house urinalysis is performed as follows: USG is determined using a commercially available refractometer. Protein, pH, blood, ketones, glucose, and bilirubin are evaluated using a commercially available colourimetric urine dipstick test according to manufacturer's instructions. In instances where the USG was greater than the refractometers reference range the result was recorded in the medical record as >1.0xx (1.0xx being the highest mark on the refractometer in use at the time). When these data points were extracted from the record they were recorded as 1.0xx + 0.001. For example; >1.060 was recorded as 1.061. Following dipstick testing, a urine sediment unstained wet mount is evaluated microscopically. This sample is prepared as follows: 1 mL of urine is centrifuged for 45 seconds at 9800 revolutions per minute (3900 x g) in a commercial centrifuge. The supernatant is decanted and sediment resuspended in the remaining fluid by gentle agitation. One drop is placed on a glass slide and covered with a cover slip for microscopic evaluation using the 10x and 40x objective. A minimum of 10 fields are evaluated to determine the average number of cells, casts and organisms per field.
Statistical Methods -Data were analysed by means of descriptive and inferential methods using a commercial spreadsheet software programme b . Data were tabulated for descriptive purposes. Data distribution was tested for normality using the Shapiro-Wilk test (Vetter, 2017) . Comparison between groups was performed by means of Mann-Whitney tests for continuous variables, and Fisher's Exact Tests for categorical data (Neely et al., 2003) . Values of P < 0.05 were considered significant.
RESULTS
There were 100 canine QUCs with an accompanying inactive urine sediment examination. The overall prevalence of positive QUCs in this population of dogs with inactive urine sediment was 6% (6/100) when all cases were evaluated. When the 15 QUCs that were performed specifically as a recheck examination following treatment for a recent diagnosis of bacterial cystitis were excluded, the prevalence of positive QUCs with inactive sediments was 7% (6/85). A summary of the data obtained can be viewed in Table 1 . The breed distribution was as follows: 27% mixed breed, 13% Labrador Retriever, 4% Golden Retriever, 4% German Shepherd, 3% Corgi, 3% Shih Tzu, and all other breeds accounted for 2% or less each. The following primary presenting complaints and/or clinical signs were retrieved from review of the medical record in the following distribution: 33% with LUTS, 12% with aezotemia, 10% with fever, 9% with gastrointestinal tract signs, 5% with neurological signs, 4% with lethargy, 4% with dermatological concerns, 3% with anorexia, 3% for endocrine evaluation, and 2% for each of the following categories: hepatopathy, behavioural, polyuria/polydipsia, respiratory tract, orthopaedic, reproductive and weight gain. Regardless of the primary presenting complaints and/or clinical signs further review of the patient's history indicated that 44% of all dogs had LUTS described in their medical records. Fourteen variables were compared between the positive and negative QUC cases with no statistically significant differences identified. The analysis was repeated when the patients presenting for recheck following therapy for bacterial cystitis were excluded with the same (no difference) outcome. Variables and results are shown in Table 2 . Additionally, there was no difference between the sediment samples based on where the urinalysis was performed (in-house vs a commercial laboratory a ) including rate of positive culture (P = 0.207).
Variable All Cases
Excluding 
LUTS = lower urinary tract signs
The most commonly isolated bacteria species was E. coli, accounting for half of the bacterial species grown (3/6; 50%). The results of the six positive QUCs and the accompanying signalment and clinicopathologic data are displayed in Table 3 . This population of canine patients evaluated at private practice emergency and specialty referral hospitals was determined to have a 6% prevalence of positive QUC with an inactive urine sediment. The majority of the bacterial isolates were cultured in quantities >10,000 CFU/mL, with a single isolate at 1,000 CFU/mL. Since > 100 CFU/mL is considered clinically significant in both canine and feline urine obtained by cystocentesis (Ettinger, 2017; Comer & Ling, 1981) contamination, while still possible, is not considered likely to be a cause for any of the positive cultures in this report. Previous studies have reported E. coli as the bacterial species most commonly isolated from the urinary tract (Comer & Ling, 1981; Hallet al., 2013) . Older and female dogs (both intact and spayed) are more likely to have positive urine cultures (Comer & Ling, 1981) . Four of the six positive QUCs in this report were from female dogs, two of which cultured E. coli.
Haematuria may suggest inflammation of the urinary tract and is a common clinical sign for patients with bacterial cystitis (Ettinger, 2017) . Microscopic or occult haematuria may be associated with urinary tract inflammation, or may be secondary to cystocentesis collection technique (Ettinger, 2017) . For these reasons we chose to include patients with occult haematuria in the analysis rather than excluding them. There was no association between patients with microscopic haematuria and positive QUC results.
In an effort to further characterise which patients may benefit most from a QUC if they have an inactive sediment examination, presenting complaints/clinical signs, pre-existing comorbidities and recent steroid and antimicrobial therapy were recorded. Previous reports have identified antimicrobial or steroid administration within 60 days to be a risk factor for a positive urine culture in dogs (Freshman et al., 1989 ). We did not identify an association between prior antimicrobial or steroid administration and positive QUC in this population, and the lack of association persisted when the dogs presenting for rechecks following antimicrobial therapy for bacterial cystitis were excluded from the analysis. Additionally, there was no association between specific presenting complaints/clinical signs, or pre-existing comorbidities in dogs with positive QUCs. Three of the dogs with a positive QUC (dogs 1-3) presented to the emergency service for evaluation of simple and straightforward LUTS and had no other comorbidities or history of drug administration. Their histories and physical examinations were otherwise unremarkable. All three dogs were prescribed amoxicillin/clavulanic acid for a range of 7-10 days and follow-up records indicate that all dogs had resolution of their LUTS. Unfortunately, no further diagnostic evaluation beyond the inactive sediment examination and positive QUC was performed. Their sediment examination may have been inactive because it was collected too early in the course of their infection. Given their positive response to antimicrobial therapy, a sporadic bacterial cystitis is suspected. It should be noted that the International Society for Companion Animal Infectious Disease guidelines for treatment of sporadic bacterial cystitis recommend 3-5 days of antibacterial therapy. These guidelines also recommend considering a course of analgesics, such as non-steroidal anti-inflammatory drugs, and if signs persist or worsen in 3-4 days, then considering antimicrobial therapy (Weese et al., 2019) . The other three dogs with a positive QUC (dogs 4-6) presented for a variety of clinical signs with a host of preexisting comorbidities. Dog 4 was suspected of having pyelonephritis based on the presence of fever, mild aezotemia and pyelectasia with ureteral dilation, although the presence of additional disease processes could not be ruled out. Despite timely administration of antimicrobial therapy, dog 4 failed to show any clinical improvement with hospitalisation and was ultimately euthanised <48 hours after presentation. Dogs 5 and 6 were suspected of having subclinical bacteriuria, which is defined as a positive QUC from a properly collected urine sample (i.e. via cystocentesis) in a patient with no LUTS (Weese et al,. 2019), although pyelonephritis could not be entirely ruled out, it was considered less likely. Dog 5 presented for haematochezia and was incidentally diagnosed with CKD during diagnostic evaluation. This is not unexpected, as it is common for dogs with CKD to have subclinical bacteriuria, although the clinical relevance of such a finding remains unknown (Foster et al., 2018) . Dog 6 was a previously diagnosed diabetic who presented with ketoacidosis and was actively receiving chemotherapy for mast cell tumours. This is also unsurprising, as it is also common for dogs with DM to have subclinical bacteriuria (Forrester et al., 1999 used clinical samples from dogs with a suspected bacteria cystitis. Both techniques appear throughout the literature, however we were unable to find a good description of the differences in the urinary environment between naturally and artificially infected urine, and wonder if this might contribute to the difference between these two study outcomes. Clearly this is an area that needs further study in many regards. For example, because long delays to sample plating at commercial laboratories are the challenging reality for most private practice institutions, it would be useful to repeat the current study with a prospective design that controls time from collection to urinalysis and culture plating to determine if there is a clinically important difference in the positive culture rate. Additionally, inoculating sterile urine with a variety of different organisms at a range of different concentrations, storing that urine in the refrigerator for 24, 48 and 72 hours and then plating it utilising the commercial laboratory's standard methods to determine if a positive culture rate compared to urine plated immediately after collection, would be useful information. Similarly, studies evaluating the cost and reliability of in-house urine plating, and utilisation of techniques other than urine culture to identify causative organisms and predicted antimicrobial sensitivity would be of benefit to the veterinary community. QUCs are a relatively expensive test compared to urinalysis alone and knowing the prevalence of a positive result in a dog with inactive urine sediment can assist clinicians in evaluating the medical and financial risks vs benefits of when to order this test. Dogs displaying LUTS, even with an inactive sediment examination, may benefit from a QUC. A QUC should also be considered on a case-by-case basis for systemically ill patients with various comorbidities presenting to emergency services. Ideally urine would be cultured within 24 hours post collection, however inability to do so should not preclude culture.
DISCUSSION
Prospective studies evaluating the bacterial cystitis and subclinical bacteriuria prevalence in specific at-risk populations, studies that mimic the typical storage time and handling of urine samples submitted to commercial laboratories that are designed to determine the clinical impact of these practices, as well as research looking for rapid, point-of-care testing alternatives to urine culture and microbial sensitivity are needed in veterinary medicine. 
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